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General Characteristics
On the basis of hydrology, pressure regime, reservoir properties, and 
hydrocarbon composition, three plays are identified for the Fruitland 
coal-bed gas:  (1) San Juan-Overpressured Play, (2) San Juan-Under-
pressured Discharge Play, and (3) San Juan-Underpressured Play 
(Gautier et al., 1996).

The San Juan-Overpressured Play (2250) is in the north-central 
part of the basin and north of the structural hingeline where recharge 
of relatively fresh water takes place.  The coals are generally thick 
(greater than 10 feet) and laterally extensive in northwest-trending 
bands.  The coals are generally of high rank (as much as medium-
volatile bituminous), have high gas contents, and are characterized 
by high formation pressures (greater than 0.5 psi/ft).  The coal-bed 
gases are relatively dry (heavier hydrocarbons less than 3 percent) 
and contain significant amounts of CO2 (3-12 percent).  Although 
depths of burial extend to 4,200 feet, the Fruitland Coal in a large 
part of the play is at depths of less than 3,000 feet.  Within this play 
is the very productive "Fairway" Trend. The average daily gas pro-
duction for wells in this play during their most productive year rang-
es from less than 30 MCF/D to more than 3,000 MCF/D, and the 
highest rates were in the "Fairway" Trend.  Because of recharge of 
fresh water on the north margin, most wells produce water at rates as 
high as 2,000 bbl/D and must be dewatered to initiate desorption and 
production. Because of the high productive capacity of  wells in this 
play, the prime areas have been explored and developed (Cedar Hills, 
Ignacio-Blanco, and Basin Fruitland Coal Fields).  The potential for 
additional reserves from this play is considered to be good; however, 
the areal extent of this potential is limited because of previous devel-
opment. 

The San Juan-Underpressured Discharge Play (2252) is south of 
the structural hingeline in the southwest part of the basin where the 
coal beds are underpressured (0.3 to 0.4 psi/ft).  The area is charac-
terized by regional groundwater convergence and discharge.  The 
groundwater is a NaCl type and has a higher chloride content than 
that of the overpressured play.  Coals may be as thick as 10 feet and 
the thickest coals are in northeast trends.  Compared to the Overpres-
sured Play, coal rank is lower (high-volatile B bituminous and lower) 
and  gas contents are lower.  The gas is chemically wet (heavier hy-
drocarbons generally more than 5 percent) and contains less than 1.5 
percent CO2.  During early months of production, the coals of high-
volatile B bituminous rank produce some waxy oil.  Depths of burial 
are less than 3,000 feet, and production is commonly water free.  The 
average daily production of wells in this play during their most pro-

ductive year ranges from 30 to 300 MCFPD.  The potential for un-
discovered coal-bed gas in this play is good to fair.  Similar to the 
Overpressured Play, extensive drilling and production (Basin Fruit-
land Coal-Bed Gas Field) have taken place in this play, and the re-
maining potential for reserves is mainly at shallower depths (less 
than 1,500 feet) in the southwestern part of the play.

The San Juan-Underpressured play (2253) is in the eastern part 
of the basin where  groundwater flow is sluggish.  The produced wa-
ters are a NaCl type and similar to seawater.  Coal beds are generally 
thin and gas content is low, particularly in the eastern part.  Minor 
production has been established and rates are low (average annual 
production in the range of 1 to 3 MMCF) with little or no water pro-
duction.  Depths of burial (500-4,000 feet) and coal rank (subbitumi-
nous to medium-volatile bituminous) are variable and generally in-
crease to the north.  The potential for additional reserves from this 
play is only fair because of underpressuring and low permeability.
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Figure SU-65.  Location of the Overpressured Play  (modified after Gautier et al., 
1996).

Figure SU-66.  Location of the Underpressured Discharge Play (modified after 
Gautier et al., 1996).

Figure SU-67.  Location of the Underpressured Play  (modified after Gautier et al., 
1996).
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Coal-Bed Gas Plays

In the San Juan Basin, significant resources of both coal and coalbed 
gas are in the Upper Cretaceous Fruitland Formation (Rice and Finn, 
1996) .  The occurrence, thickness, and geometry of Fruitland coal 
deposits are strongly influenced by depositional environment.  Coal 
deposits resulted from peat that accumulated on sandstone platforms 
of the underlying Pictured Cliffs Sandstone, which were deposited 
along the coast of a northeast-prograding shoreline. Individual coal 
beds are as much as 40 ft thick.  The greatest net coal thickness, up 
to 100 ft, is in a northwest-trending belt in the northern part of the 
basin where thick coal deposits occur in both northwest- and north-
east-trending deposits, with the thickest deposits in the northwest-
trend.  In the northwest-trend, individual coal beds average more 
than 9 ft in thickness, which resulted from standstills in the Pictured 
Cliffs Sandstone shoreline.  Average thickness of coal beds in the 
northeast-trend is 6 ft.  They occur in floodplain facies between 
channel-fill sandstone deposits.  Depths of burial for the Fruitland 
coal beds are as much as 4,200 ft in the northeastern part of the ba-
sin.

Coal beds in the Upper Cretaceous Menefee Formation are an 
additional target for gas.  The Menefee is older and deeper than the 
Fruitland and is in the middle part of the Mesaverde Group.  Al-
though as much as 35 net ft of coal occur in the Menefee, the coals 
are generally thinner, more discontinuous, and dispersed over a 
greater stratigraphic interval than those of the overlying Fruitland 
Formation.  The Menefee coals are as deep as 6,500 ft.

Across the central basin, the rank of Fruitland coal increases 
northeastward from subbituminous C to medium-volatile bitumi-
nous.  Coal rank generally conforms with the structural configura-
tion of the basin and abruptly decreases along the steeply dipping 
north flank.  Rank trends for Menefee coals are similar, but some-
what higher because of greater burial depth.  Present-day depths of 
burial do not coincide with the maximum levels of thermal maturity 
in the northern part of the basin.  This is partly the result of signifi-
cant uplift and erosion that has taken place since about 10 Ma.  
However, maximum depth of burial and present-day heat flow can-
not account for the high rank present at the north end of the basin.  
In addition to maximum burial depths, this high rank is interpreted to 
be the result of (1) convective heat transfer associated with a deeply 
buried heat source located directly below the northern part of the ba-
sin, and (or) (2) the circulation of relatively hot fluids into the basin 
from a heat source located in the vicinity of the San Juan Mountains 
to the north.  Thermogenic gases were probably generated in the 
coals during time of maximum heat flow and (or) depth of burial in 
Tertiary time.

Produced Fruitland coalbed gases are variable in their composi-
tion.  Although methane is the major component, significant 
amounts of heavier hydrocarbon gases (as much as 23 percent), CO2 
(as much as 13 percent), and nitrogen (as much as 11 percent) are al-
so present.  The producing part of the basin can be divided into two 
areas based on coalbed gas composition.  The boundary between the 

two areas is rather abrupt and coincides with the structural hingeline.  
In the southern part, the gases are generally wet (heavier hydrocar-
bons generally greater than 6 percent) with minor amounts of CO2 
(generally less than 1 percent).  Waxy oil is produced in association 
with wet gases in this part.  In contrast, gases in the north part are 
dry (heavier hydrocarbons generally less than 3 percent) but contain 
significant amounts of CO2 (generally greater than 6 percent).  On 
the basis of chemical and isotopic composition, the hydrocarbon gas-
es are interpreted to be mainly thermogenic in origin.  The heavier 
hydrocarbon gases and oils, which are restricted to coals of high-vol-
atile B bituminous and lower ranks, were probably generated from 
hydrogen-rich coals.  In the northern part of the basin, active ground-
water flow has probably led, relatively recently, to intensified micro-
bial activity resulting in aerobic consumption of the heavier hydro-
carbons and mixing of biogenic methane-rich gas.  Isotopic data sug-
gest that the large amounts of CO2 in the north part of the basin are 
also the result of recent bacterial activity

The San Juan Basin is a strongly asymmetric basin with a gently 
dipping southern flank and steeply dipping northern flank.  It has 
two axes in the northeastern part of the basin, which are separated by 
the Ignacio Anticline.  A structural hingeline has been interpreted to 
occur where the gently dipping southern monocline meets the basin 
floor.  This hingeline is probably a zone of northwest trending, en-
echelon normal faults and divides the basin into two distinct areas 
relative to coalbed gas productivity.

The Colorado-New Mexico border roughly marks the division of 
the basin into two areas of distinctly different face-cleat orientations.  
North of the border the cleats are oriented northwestward; however, 
south of the border they are oriented northward or northeastward. 
Along the State border, interference of the two sets may result in in-
creased permeability, which has led to the success of vertical open-
hole cavity completions.  Increased permeability may also result 
from compaction-induced fractures in areas where the Fruitland coal 
beds overlie upper Pictured Cliffs sandstone tongues.  In addition, 
compaction-induced fractures may be present where coal beds split 
and interfinger with fluvial channel-sandstones.  In the Cedar Hill 
coal field area of northern New Mexico, multicomponent 3D seismic 
surveys indicate that movement on basement-controlled faults with 
strike-slip displacement has opened natural fractures in the coal.

Fruitland coal beds are major aquifers in the San Juan Basin.  In 
the northern part of the basin, they are commonly thick, well cleated, 
and more permeable than the adjacent sandstones that serve as aqui-
tards.  Recharge is mainly along the wet, northern margin of the ba-
sin in the foothills of the San Juan Mountains with limited recharge 
along the other margins.  A sharp steepening of the potentiometric 
surface occurs along the structural hingeline and divides the basin 
into two hydrologic provinces.  This steepening indicates an area of 
reduced permeability and is a no-flow boundary.

Groundwater movement and associated reservoir characteristics 
can be tracked by water composition, in particular the chloride con-
tent.  Lobes of relatively fresh, low-chloride water extend into the 
basin from the northern margin.  The hydrochemical boundary be-

tween low chloride, NaHCO3-type water and high chloride NaCl-
type water coincides with the structural hingeline.  Water production 
rates for individual wells are highly variable and range from essen-
tially nothing to more than 2,000 barrels per day.  The production 
rates are strongly controlled by hydrodynamics, and the highest rates 
are north of the hingeline and along the northern margin.  Most of the 
water is currently being injected into deep wells.  However, the dis-
posal capacity is rapidly being approached and alternate, cost-effec-
tive methods of disposal will be required.

The Fruitland coal beds are both abnormally pressured and un-
derpressured relative to fresh-water hydrostatic pressure.  Overpres-
suring occurs in the north-central part of the basin and coincides with 
the area of relatively fresh water. The overpressuring is interpreted to 
be artesian in origin as evidenced by the flowing artesian coalbed gas 
wells.  However, most of the basin is underpressured.  The transition 
from overpressured to underpressured is abrupt and takes place along 
the structural hingeline.  

Gas contents in the San Juan Basin are highly variable and range 
from less than 100 to more than 800 Scf/t.  As expected, there is a 
general relation between gas content, depth, and rank.  However, the 
gas content also strongly correlates with the pressure regime.  In 
dealing with coals of similar rank, the highest gas contents are usual-
ly reported from the overpressured north-central part of the basin. 

On the basis of resources and a range of gas contents, in-place 
coalbed gas resources of the Fruitland Formation are estimated to be 
about 50 TCF.  An additional 38 TCF have been estimated for the 
Menefee coal beds resulting in a total of 88 TCF for the basin.

New Mexico ranked 14th among the States in 1991 for the pro-
duction of coal.  Most of this coal was mined on the surface from the 
Fruitland along the western flank of the basin.  The New Mexico 
counties of San Juan and McKinley, located on the west flank of the 
basin, were ranked 7th and 10th in the nation in terms of production 
from surface mining.  Some coal is also mined in the Colorado part 
of the basin.  Because the coal in the basin is mostly mined on the 
surface, methane emissions are minor.

The San Juan Basin has been the most productive coalbed gas 
basin in the United States since 1988.  In 1992, more than 436 BCF 
of coalbed gas were produced from about 2,000 wells.  In 1993, more 
than 480 BCF were produced from about 1980 wells in only the New 
Mexico part of the basin.  Most of the coalbed gas wells in the basin 
have been drilled since 1987 and the largest number was completed 
in 1990.  Although the Black Warrior Basin has the largest number 
of producing wells, more than four times as much coalbed gas was 
produced in the San Juan Basin in 1992 (436 BCF versus 92 BCF).  
Production rates for individual wells are highly variable and range 
from 50 to 15,000 MCFGPD.  About one-third of the total producing 
wells are vertical open-hole cavity wells, which accounted for about 
75 percent of the gas production in 1992. These cavity wells com-
monly produce 10 times more gas than those completed by hydraulic 
fracturing.  However, successful, open-hole cavity completions are 
generally restricted to a northwest-trending area referred to as the 

“Fairway,” located north of the structural hingeline.  Cavity wells in the 
“Fairway” are successful because of artesian overpressuring and high 
permeability; open-hole cavity completions have not been successful in 
other basins. 

The first coalbed gas well (Cahn No. 1) was drilled in the New 
Mexico part of the basin in the late 1970’s.  The well is part of the Ce-
dar Hills coal field.  Most of the production in New Mexico is assigned 
to the Basin Fruitland coal field, and all the production in Colorado is 
assigned to the Ignacio-Blanco coal field.  The reserves in the basin as 
of 1993 are about 7.8 TCF, which represents about 70 percent of the 
coalbed gas reserves in the country.

The San Juan Basin has had major gas pipelines to southern Cali-
fornia since the 1950’s, when gas was first produced from Cretaceous 
sandstones.  With the rapid development of coalbed gas, pipeline ca-
pacity was insufficient in the late 1980’s.  Since 1990, major expansion 
projects have resulted in increased capacity for transmitting the gas to 
interstate markets.

Coal-bed Gas Play     27
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